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ORGANIC PREPARATIONS AND PROCEDURES INT. 6( 6 ) ,  259-263 (1974) 

A SIMPLE, TWO STEP SYNTHESIS OF 
1 1- (2-CHLOROETHYL) -1-NITROSO-3- (D-GLUCOS-2-YL) UREA 

H. Donald Burns and Ned D. Heindel* 

Center for Health Sciences 
Lehigh University 

Bethlehem, Pennsylvania 18015 

Streptozotocin (I) is a broad spectrum antibiotic which has been 

shown to possess both antitumor and antileukemic activity. *-' It has 

been used successfully in humans for the treatment of malignant insu- 

linomas;6 however, its activity is accompanied by various toxic side 

effects, the most severe of which is kidney damage.7 

able interest has developed in the synthesis of analogs of this agent in 

Recently, consider- 

CH2 OR R R '  R '  ' 
3 I .  -H -N=O -CH 

-H -N=O -CH2CH2C 1 Itr/, I1. 111. -H -H -CH2CH2C 1 
RO IV. -CCH3 -N=O -CH2CH2C1 

It 
0 

HN-C-N 
'R" 

attempt to either increase activity o r  decrease toxicity. 

analogs have been prepared by procedures analogous to Herr's original 

synthesis of streptozotocin.8 

at carbon 2 is generated from tetra-0-acetylated 2-D-glucosamine 

(obtained by acetylation of the anisaldehyde anil of the 2-amino group 

of V followed by hydrolysis of the anil) by condensation with an 

Most of these 

In this method, the urea moiety attached 
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H. D. BURNS AND N. D. HEINDEL 

isocyanate.  The syn the t i c  sequence i s  completed by t h e  n i t r o s a t i o n  

and the  f i n a l  de-blocking of t he  ace ty la ted  hydroxyls. 

Overall  y i e lds  i n  t h i s  s i x  s t e p  synthes is  (from glucosamine) a r e  

seldom reported bu t  would be expected t o  be very poor, a f a c t  r ead i ly  

confirmed i n  our laboratory.  

of the chloroethyl analog (11) of s t rep tozotoc in  through the  intermediacy 

of the  glucosyl urea (111). Our i n t e r e s t  i n  radiopharmaceuticals 

f o r  tumor de tec t ion”  causes us t o  regard I 1  and I V  a s  a t t r a c t i v e  can- 

d ida tes  s ince  f a c i l e  labe l ing  with r ad ioac t ive  NaI occurs ,  l1 and s ince  

We now repor t  a simple, two s t e p  synthes is  

po ten t  antitumor a c t i v i t y  has been reported on both I 1  and IV, 12,13 al- 

though no physical constants o r  syn the t i c  d e t a i l s  have been published. 

CH2OH 

HO QJ 
m2 

V 

O=C=NCH2CH2C1 > 
I 

HN-C-NHCH2CH2C1 
I11 11 

0 

NaN02 /HC 1 

CH2 OH 

Ac20 

pyridine 

HN-C-N 
AcO 

HN-C -N 
IV 0 ‘CH2CH2C1 I1 11  0 ‘cH2CH2C1 

Scheme I 

Our synthes is  of I1 (Scheme I) involves a heterogeneous r eac t ion  between 

2-D-glucosamine (V) and 2-chloroethyl isocyanate ( V I )  followed by n i t r o -  

s a t ion  of the  glucosyl urea (111) t o  y i e ld  t h e  des i red  product 11, 
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The s t r u c t u r e  of  I1 was f u r t h e r  s u b s t a n t i a t e d  by conversion t o  t e t r a -  

0 - a c e t y l  d e r i v a t i v e  IV by t r e a t m e n t  with a c e t i c  anhydride i n  p y r i d i n e .  

This  s e l e c t i v i t y  of 2-ch loroe thyl  i s o c y a n a t e  f o r  condensat ion a t  t h e  

amino vs t h e  hydroxyl s i tes  f i n d s  precedent  i n  d e r i v a t i z a t i o n  r e a c t i o n s  

of e t h a n o l a m i n e ~ l ~ ' ~ ~  which r e s u l t  i n  high y i e l d s  of u r e a s  wi th  no 

trace o f  ure thans .  

EXPERIMENTAL 

1-(2-Chloroethyl)-3-  (D-glucos-2-yl) u r e a  (111). A s o l u t i o n  of  5.35 g 

(24.8 m o l )  of  2-D-glucosamine hydrochlor ide  i n  25 m l  o f  1 N NaOH was 

t r e a t e d  wi th  2.62 g (24.8 mmol) of  2-ch loroe thyl  i socyanate  i n  300 m l  

o f  1:l CHC13/Et20 .  

a t  0' f o r  3 h r  and then  a g i t a t e d  a t  room temperature  f o r  an a d d i t i o n a l  

3 h r .  During t h i s  time a whi te  p r e c i p i t a t e  formed which was c o l l e c t e d  

by f i l t r a t i o n  and washed wi th  30 m l  CHC13, 30 m l  o f  E t 2 0  and 30 m l  p e t  

The heterogeneous suspension was s t i r r e d  v igorous ly  

e t h e r  (20-40"). A y i e l d  

t a i n e d .  mp. 150" (dec.) 

nmr (DMSO-d6) 6 6.40 (d,  

of 5.08 g (76%) o f  whi te  c r y s t a l s  was ob- 

i r  (nujo l )  3350 (OH) and 1630 cm-' (urea  C=O); 

l H ,  W-), 5.86 ( s  broad ,  l H ,  OH-), 4.86 ( s ,  I H ,  

anomeric E), 4.35 ( t ,  l H ,  NE), remaining pro tons  appear  as a complex 

m u l t i p l e t  between 2.8 and 3.8 ppm. 

- Anal. Calcd f o r  CgHI7C1N2O6: C ,  37.97; H ,  6.02; N ,  9.84. 

Found: C ,  37.71; H ,  5.99; N ,  9.66. 

l-(2-Chloroethyl)-l-nitroso-3-(D-glucos-2-y1) u r e a  (11). A s o l u t i o n  of  

0.91 g (3.69 mmol) of l-(2-chloroethyl)-3-(D-glucos-2-yl) u r e a  and 

0.50 g (7.38 mmol) o f  NaN02 i n  30 m l  of 2 : l  H 0 : E t O H  was t r e a t e d  drop- 

wise wi th  2 m l  o f  conc HC1 a t  0". The s o l u t i o n  was s t i r r e d  a t  0" f o r  

30 min and t h e n  f o r  one h r  a t  room temperature .  

s o l u t i o n  which r e s u l t e d  was cooled t o  0" and depos i ted  0.52 g (48%) of  

2 

The clear yel low 
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H. I>. BURNS AND N. D. HEINDEL 

of ivory colored c r y s t a l s .  

ir (nujo l )  3360 (OH) and 1690 cm-l (n i t roso  urea C=O); nmr (DMSO-d6) 

6 7.80 (d, l H ,  NH), 6.60 (broad, l H ,  OH), and a t  5.15 (broad, l H ,  

anomeric C - 3 ,  remaining protons appear as a complex mul t ip l e t  between 

3.0 and 4.8 ppm. 

mp. 147-8" (dec. with the  evolution of gas) ;  

- Anal. Calcd fo r  CgH16C1N307: C ,  34.46; H ,  5.14 

Found: C ,  34.59; H ,  5.30 

~ - ( ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ) - ~ - ~ ~ ~ ~ ~ ~ ~ - ~ - ( t e t r a - O - a c e t y l - D - g l u c o s - 2 - y l )  urea  (IVI. 

A suspension of 3.29 g (1.00 mmol) of 1- (2-chloroethyl) -1-nitroso-3- 

(D-glucos-2-yl) u rea  i n  a so lu t ion  o f  15 m l  (0.16 mol) of a c e t i c  an- 

hydride i n  27 m l  of  d ry  pyr id ine  was s t i r r e d  a t  0' f o r  2 h r .  The re- 

s u l t i n g  yellow so lu t ion  was poured i n t o  150 m l  of cold water and cooled 

f o r  1 h r  i n  an ice  bath.  The s o l i d  which formed was co l l ec t ed  and r e -  

c r y s t a l l i z e d  from EtOH/H20 y ie ld ing  1.9 g (36%) of pa l e  yellow needles.  

mp. 142' (dec. with evolu t ion  of gas) ;  ir (nujol)  3400 (NH), 1740 

( e s t e r  C-0) and 1710 cm-l (n i t roso  urea C=O); nmr (DMSO-d6) 6 2.00 (m, 

1 2 H ,  CE3-C=O), 3.65 (m, 4H, N-CE2-CH -Cl ) ,  4.15 (m, 4H, 1 0-CH, - 

1 N-CE and 1 O-Ci2), 5.25 (m, 2H,  0-CH), 5.95 (d, l H ,  anomeric CY, 
8.95 ppm (d, l H ,  NHH. 

-2 

- Anal. Calcd f o r  C1+424C1N3011: C ,  42.38; H ,  5.02; N ,  8.72. 

Found : C,  42.74; H ,  5.15; N ,  8.67. 
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